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Description 


METHOD AND APPARATUS FOR DETERMINATION OF OSCILLATIONS ON A 
ROTATING BLADE DISC OF A TURBINE 


[0001] This application is the US National Stage of International Application No. 
PCT/EP2005/000812, filed January 27. 2005 and claims the benefit thereof. The 
International Application claims the benefits of European Patent application No. 04002251.9 
filed February 2, 2004. All of the applications are incorporated by reference herein in their 
entirety. 


[0002] The invention relates to a method and an apparatus for determination of oscillations 
on a rotating blade disc of a turbine, in which case the aim in particular is to carry out the 
oscillation measurement in a non-contacting manner. 


[0003] For many years, non-contacting oscillation measurements have been carried out 
successfully on blade discs of turbines, for example stationary gas turbines, by means of 
optical or inductive sensors, which produce considerable signals when individual blades on 
the blade disc pass by the sensor. Oscillation measurements such as these are required for 
monitoring purposes and in order to ensure safe operation of turbines. 

[0004] In order to protect the individual blades on large-diameter blade discs against frequent 
bending loads, blades with so-called integral covering plates are now increasingly being used, 
and these result in an essentially closed covering strip structure on the blade disc. However, 
this closed covering strip structure has no target marks for optical or inductive sensors, which 
target marks could provide unambiguous signals for reliable analysis of the oscillation 
behavior of the blade disc. Suitable target marks with a defined arrangement would therefore 
have to be applied to the closed covering strip structure, from whose signals the oscillation 
behavior could be determined. 

[0005] A further exacerbating factor in the case of gas turbines is that measurements must 
also be carried out reliably even when the locally occurring temperatures are high. For this 
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reason, inductive measurement methods and ferromagnetic target marks that are required for 
them can be used only to a restricted extent, because the Curie temperature is exceeded. 

[0006] US 5 761,956 discloses an optical measurement method for determination of 
oscillations on a rotating blade disc of a gas turbine, in which different infrared thermal 
radiation from applied ceramic target marks with respect to the base body of the blade disc is 
detected. This measurement method cannot be used, however, until after the gas turbine has 
been operated for a certain time, because of the high temperatures which are required for 
infrared thermal radiation. While the gas turbine is being started up, the oscillation behavior 
cannot be monitored, however, which is disadvantageous to the operational reliability of the 
gas turbine. 

SUMMARY OF THE INVENTION 
[0007] The invention is based on the object of providing a method and an apparatus for 
determination of oscillations on a rotating blade disc of a turbine, which allows reliable 
determination of the oscillation behavior of the blade disc during virtually all operating states 
of the turbine, with high measurement reliability and high measurement accuracy. 

[0008] According to the invention, this object is achieved by a method and an apparatus for 
determination of oscillations on a rotating blade disc of a turbine, in which a substance which 
emits light quanta by external excitation is arranged at at least one point on the blade disc, 
radiation is or can be transmitted by means of a radiation source at the rotating blade disc and 
at the substance which is arranged on it, in order to externally excite it, a sensor is provided 
for determination of light quanta emitted from the substance, and the signal is or can be 
evaluated by means of an evaluation circuit of the sensor, in order to determine the oscillation 
behavior of the blade disc. 

[0009] According to the invention, the physical effect of emission of light quanta is used to 
determine oscillations of a blade disc of a turbine. A substance which emits light quanta emits 
the light quanta as a consequence of a three-stage process, which takes place in the atoms or 
molecules of the substance. In a first stage, the atoms or molecules of the substance are 
brought to a higher energetic state by means of an external radiation source, for example a 
UV light source or a laser, by absorption of a radiation quantum (in particular of a light 
quantum). In a second step, different energy levels are excited by movement of and collisions 
between the atoms and molecules with respect to one another, as a result of which the 
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excitation energy is slightly decreased. In the third step, the individual atom or molecule 
reverts to the basic state, during which process it emits a photon at a relatively long 
wavelength, and a frequency shift occurs between the injected light and the emitted light. 

[00010] According to the invention, by way of example, a long-wavelength UV lamp, 
which emits short-wave light (k = 350 nm) is used as the radiation source. By way of 
example, the substance which emits light quanta is formed by fluorescent particles which 
absorb the short-wave light and emit light at longer wavelengths which, depending on the 
material characteristics, are normally between 500 and 600 nm. By way of example, a 
ceramic adhesive or a flamespray may be added to the fluorescent particles, and is then 
applied to the blade disc in the form of target marks. 

[00011] The non-contacting measurement method according to the invention makes it 
possible to carry out reliable and accurate measurements of oscillations in particular on 
shrouded turbine blades with a circumferential essentially closed, covering strip structure on 
the blade disc. The measurement method is particularly suitable for high operating 
temperatures, and can thus be used not only in gas turbines but also in steam turbines. The 
oscillation monitoring according to the invention is possible in all operating states of the 
respective turbine. 

[00012] As already mentioned, the method according to the invention and the associated 
apparatus are particularly advantageous when the blades of the blade disc to be measured are 
connected to one another by means of an essentially closed covering strip structure. The target 
marks according to the invention and composed of a substance which emits light quanta can 
then advantageously be applied, for example in the form of strips, to the covering strip 
structure, and can then be used as defined strips comprising a thin layer of a substance which 
emits light quanta, as a target mark for a sensor which can determine the light quanta emitted 
from the substance. In an optical recording sensor such as this, in particular, the determined 
light quanta are converted to electrical signals, which are passed on, for example, to an 
evaluation computer for further processing and analysis. Oscillations on the blade disc can 
then be identified by comparing a specific expected arrival time with the actual arrival time 
for one individual target mark, by way of example. If the determined arrival time of a target 
mark occurs earlier or later than the expected arrival time, the blade disc is subject to 
vibration, that is to say the covering strip structure is moved slightly from its normal position 
because of the vibration. 
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[00013] This type of measurement and this procedure according to the invention can be 
used in the same manner in order to determine the oscillation behavior of at least one turbine 
blade on the blade disc. The target marks according to the invention which have been 
mentioned are in this case advantageously arranged on individual revolving turbine blades on 
the blade disc. 

[00014] According to the invention, a fluorescent, a phosphorescent, a radio luminescent, 
a thermoluminescent, a triboluminescent and/or a photoluminescent substance is 
advantageously applied to the blade disc as a substance which emits light quanta as a result of 
external excitation. In other words, it is advantageously possible according to the invention to 
use all those physical processes in which light quanta or radiation quanta are emitted from a 
substance as a result of external excitation. 

[00015] In order that the sensor which is used according to the invention essentially 
determines, as desired, only the light quanta which are emitted from the substance, an optical 
filter can be arranged in front of it, whose spectral window is matched to the wavelengths of 
the emitted light quanta. This makes it possible to separate the sensor signal optically from 
temperature-dependent infrared background radiation and from light which has been totally 
reflected on metal surfaces. 

[00016] The useful signal from the substance which emits light quanta according to the 
invention has a relatively low light intensity. In order that the signal can nevertheless be 
unambiguously identified, it can be preprocessed for further evaluation, by means of an 
amplification circuit, in particular by means of photodiodes or photomultipliers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00017] One exemplary embodiment of a method according to the invention and of an 
apparatus for determination of oscillations on a rotating blade disc of a turbine will be 
explained in more detail in the following text with reference to the attached schematic 
drawings, in which: 

Figure 1 shows a longitudinal section through one exemplary embodiment of a turbine 
having an apparatus according to the invention for determination of oscillations of a rotating 
blade disc, 
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Figure 2 shows a schematic view of a first exemplary embodiment of an apparatus 
according to the invention for determination of oscillations on a rotating blade disc of a 
turbine as shown in Figure 1, and 

Figure 3 shows a schematic view of a second exemplary embodiment of an apparatus 
according to the invention for determination of oscillations on a rotating blade disc of a 
turbine as shown in Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 
[00018] Figure 1 shows a simplified illustration of a turbine 10 which is in the form of a 
gas turbine and whose major components include a stator and a casing 12, as well as a rotor 
14 which is mounted in it such that it can rotate. 

[00019] The turbine 10 is essentially subdivided into three sections, a compressor section 
16, a burner section 18 and a drive section 20. A plurality of blade discs 22, arranged such 
that they follow one another in the axial direction, are in each case arranged on the rotor 14 of 
the turbine 10 in the compressor section 16 and in the drive section 20. 

[00020] Figures 2 and 3 each show a section of a blade disc 22 such as this in a simplified 
form. 

[00021] The blade disc 22 which is illustrated in Figure 2 has a large number of turbine 
blades 24, a section comprising two of which is illustrated in Figure 2. 

[00022] In the case of the blade disc illustrated in Figure 3, the radially outer end areas of 
the respective turbine blades 24 are connected to one another by means of a so-called 
covering strip structure 26 in the form of integral covering plates on the turbine blades 24. 

[00023] In order to make it possible to determine the oscillation behavior of the blade 
discs 22 which rotate in the turbine 10, on the turbine 10, with high accuracy and reliability 
and in particular even when the temperatures in the drive section 20 are high, a plurality of 
apparatuses for determination of oscillations are arranged on the turbine 10, a first exemplary 
embodiment of which is illustrated in Figure 2, with a second exemplary embodiment being 
illustrated in Figure 3. 
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[00024] These apparatuses according to the invention for determination of the oscillation 
behavior of the respectively associated blade disc 22 are based on the principle of 
fluorescence, phosphorescence, radioluminescence, thermoluminescence, triboluminescence 
and/or photoluminescence. The apparatuses each have individual strips 28 of a substance 
which emits light quanta, which strips 28 in the exemplary embodiment illustrated in Figure 2 
are each arranged on the radially outer end area of the individual turbine blades 24, at regular 
intervals, while, in the case of the exemplary embodiment illustrated in Figure 3, these strips 
28 are formed on the covering strip structure 26. The substance which emits light quanta on 
the strips 28 is applied to the turbine blades 24 or to the covering strip structure 26 by ceramic 
adhesive, by way of example. 

[00025] A radiation source 30 is arranged opposite the strips 28 and has optics 32, an 
optical fiber 34 and a radiation generator 36. The radiation which is produced by the radiation 
generator 36, for example UV radiation at a wavelength of about 350 nm, is passed through 
the optical fiber 34 to the optics 32, and is directed from there at the strips -28, which revolve 
with the respective blade disc 22. 

[00026] A sensor 38 is arranged alongside the optics 32, and its major components 
include an optical filter 40, a receiving module 42, an electrical conductor 44, an amplifier 46 
and an evaluation circuit 48. 

[00027] The UV radiation which is produced and emitted by the radiation source 30 
results in the substance of the strips 28 emitting light at a comparatively long wavelength, for 
example on the basis of the fluorescence principle, which wavelength is between about 500 
and 600 nm, depending on the material characteristics of the substance. This emitted light can 
pass through the optical filter 40 when one of the strips 28 moves past it. Ideally, in this case, 
the radiation source 30 and its optics 32, and the sensor 38 and its filter 40, are located 
physically in the immediate vicinity or in the same area. This is because the fluorescence 
takes place for a comparatively short time period after excitation. A longer time period can be 
achieved using the principle of phosphorescence, so that the transmitter and receiver can also 
physically be arranged (further) away from one another. 

[00028] The emitted light is passed to the receiving module 42, in which it is converted to 
an electrical signal and is then passed through the electrical conductor 44 to the amplifier 46, 
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and finally to the evaluation circuit 48. The received signal is evaluated in the evaluation 
circuit 48, for further processing and for analysis of the oscillation behavior of the respective 
revolving blade disc 22. 
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